Roses are important plants for human beings with important economical and biological traits like continuous flowering, flower architecture, color and scent, that current model plants do not feature, thus are becoming ideal models for studying these traits. Due to high heterozygosity of rose genomes likely caused by frequent inter-species hybridization, a high-quality and well-annotated genome for Rosa plants is not available yet. Developing genetic and genomic tools with high quality has become necessary for further roses breeding and for disentangling the molecular genetic mechanisms underlying roses domestication. We here generated the high quality and comprehensive reference transcriptomes for Rosa chinensis 
normalization tool in Trinity [18] to spare assembly time and minimize memory requirements. Assembly for BT was constructed with data generated from this study, while two assemblies were built up first with the newly produced data and later combining with published data (see table 1 and 2). After filtering and normalization the data was about 157 Gb, comprising approximately 1.3 billion normalized read pairs, which were then assembled using optimized parameters (Kmer=2, min_glue=5, SS_lib RF) in Trinity (r2014_07-17) [18] . Transcript expression levels were estimated with RSEM [19] and open reading frames (ORFs) were predicted using Transdecoder (https://github.com/TransDecoder/TransDecoder/wiki). Hmmer3 [20] was used to identify additional ORFs matching Pfam-A domains.
Quality and completeness evaluation of the transcriptomes
The three assemblies generated from this study had 68612-81389 transcripts with N50 from 1732 to 2099bp and average length from 1170 to 1359 bp, much better than previously published data for these two species (table 2; Figure 3A ) [12, 14, 21, 22] and other species/materials [13, 15, 16, 23] . Mean GC content of all assemblies (44.2-46.4%) was comparable to that of published (45.8-46.5%) roses. The completeness of these assemblies was further evaluated with Benchmarking Universal Single-Copy Orthologs (BUSCO) strategy using 1440 near-universal single-copy orthlogs [24] . This analysis revealed a high proportion of complete (C) and single copy (S) from 54.4% to 68.8%, and complete (C) and duplicated (D) from 24.5 to 28.2%. Fragmented (F) and missing (M) BUSCO items occupied about 5.6-21.4% ( Figure 3B ; Table Figure3B_busco ). These results suggest the high quality, completeness, and coverage of these transcriptomes.
Functional annotation of transcriptomes
Functional annotation was performed for each of the transcriptomes at the peptide level using a custom pipeline that defines protein products and assigns transcript names. Predicted proteins/peptides were analyzed using InterProScan5 With available databases explored, more than 72% of the transcripts were annotated for both transcriptomes of OB and BT. The proportion of shared transcripts with annotation in all five databases was about 18% for the two transcriptomes. Detailed annotation information was included in Figure 3C .
Calling of the conserved orthologous transcript elements set between OB and BT (coreset1)
To identify the transcripts shared and facilitate the gene expression comparison between the two Rosa species, we identified the conserved orthologous transcript elements set between OB and BT using orthoMCL [26] and an optimized reciprocal blast method [27] with a sequence identity at 95% ( Figure 3D ). This analysis identified 23310 transcripts shared by the two species, while OB and BT specific were 58079 and 45302 ( Figure 3E ). Interestingly, coreset1 showed more than 80% of the transcripts with annotation ( Figure 3C ). BUSCO analysis showed that coreset1 transcripts had quite high completeness ( Figure 3B ). It's worthy to note that the total number of coreset1 could be higher as we used 95% sequence identity as the cutoff of conservation between these two species.
Identification of coreset2 for Rosa
To screen for conserved transcripts within Rosa, we compared coreset1 to other published RNA-seq data for R. multiflora, R. roxburghii, etc (see Table 2 for the data used in this analysis) as no published genome sequences and gene models available. With the sequence identity set at 95% as for coreset1, we detected about 8975 transcripts (N50 at 2457bp and mean length at 2244bp) shared for all the plants included (coreset2; Table 2 ). A BUSCO test for transcripts completeness revealed a relative high proportion of fragmented (2.7%) and missing (19.5%) data (Figure1-ST5_busco).
Identification and characterization of Rosaceae-common and Rosa-specific transcripts
We further compared the coreset2 transcripts to known CDS for Malus domestica Both F-box proteins and splicing factors have been confirmed to play essential roles in almost every aspect of plant growth, development, and adaptation to environmental stresses. It will be then very interesting to evaluate the function of these transcripts/proteins in roses.
Discussion
As one of the most important horticultural plants, rose has its special biology.
Continuous flowering, fragrance, flower shape, thorn and many traits not presenting in Populus and other woody model plants could be found in roses, hence roses are now becoming a model woody species for understanding the molecular mechanisms regulating these traits [1] . Interestingly, the breeding of modern roses often involves frequent hybridization and polyploidization among species, which often feature stronger diseases resistance and cold resistance, better fragrance and lack of prickles [29-31]. On the other hand, tracing the processes and history of modern roses domestication and breeding remain a challenge as inter-species crossing and polyploidization was frequently observed [2] . Since a high quality genome assembly for roses is not available yet [9], identification of Rosa-specific genes/transcripts might provide a tool for this purpose.
In this report, we produced reference transcriptomes for R. chinensis 'Old Blush' (OB) and R. wichuriana 'Bayes' Thornless' (BT) with transcripts N50 above 2kb and mean length about 1.2kb. Via incorporating published data for OB, we even generated a better assembly with mean transcript length longer than 1.3kb. We identified 23310 conserved orthologous transcripts (coreset1) between OB and BT with BUSCO assay confirming the high level of completeness with these assemblies. As coreset1 transcripts were based on a very high level of sequence identity (95%), they could directly be used to evaluate the differential expression of orthologous genes between species.
Later, these assemblies were explored to identify about 8975 transcripts shared by Rosa plants. Finally we detected 5049 transcripts shared by all the Rosaceae plants mentioned in this study, and about 417 transcripts only present in the genera of Rosa. The Rosaceae-common dataset contains about 572 single-copy transcripts.
These single-copy transcripts could be directly used to clarify the Rosaceae phylogenetic relationship, a challenge likely caused by frequent hybridization, rapid radiation, polyploidization and domestication [32] [33] [34] [35] [36] .
In contrast to the Rosaceae-common transcripts, the Rosa-specific transcripts might be explored to investigate traits specific for roses. Although partial of the domestication processes had been documented [2] , the evolutionary history and molecular mechanisms controlling traits special for roses are still not clear [1] . More than half of the 417 transcripts are uncharacterized or without known GO annotation, hence might be related to the phenotypes that have not been characterized in other species. Therefore, these transcripts can be explored to trace trait domestication history in roses.
In summary, these assemblies not only provide much better quality transcriptomes for roses, but also help us pin out the transcripts making roses special. Table 2 ). B. BUSCO analysis shows the completeness of assemblies and core-set1.
C. Annotation results of the assembled unigenes and core-sets for Rosa. The core-set1 is between the two species while core-set2 is for the unigenes shared at the 95% identity level by the genera of Rosa (see Figure 2 ) based on published and newly collected data from this study. For each category (Nr_plants, GO, Uniprot, Swissprot and COG databases), total unigene counts annotated in different databases besides the proportion (in brackets) are
given. Shared and total unigenes annotated by all databases are also given.
D.
Defining the threshold for identifying the conserved RNA element set (core-set) between the two species. Unigene number (Y-axis) was plotted against sequence identity (X-axis).
Sequence identity at 95% (marked by a vertical dotted line) was chosen for identify the core-set unigenes.
E. Venn diagram shows the results of core-set1 identification. About 23310 transcripts were identified at the 95% sequence identity level between the two species. A. Venn diagram shows the Rosaceae-common and Rosa-specific transcripts. Note that, except Rosa, transcripts specific for other genera were not identified (marked with na).
B. F-box and splicing factors were significantly enriched in Rosa-specific transcripts.
X 2 tests were performed online (http://www.quantpsy.org/chisq/chisq.htm) by comparing the Rosa-specific transcripts number with those from Rosaceaecommon, coreset1 and coreset2 genes. P values were corrected with Bonferroni correction.
